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The Causative Agents of Viral Hemorrhagic Fever: Do They Have a
Common Ancestor?
Mark Schneider
BCMB Undergraduate Program, University of Tennessee, Knoxville
Abstract:
Hantaviruses of the Bunyaviridae family and arenaviruses of the family Arenaviridae are
both single-stranded, segmented, negative-sense, enveloped RNA viruses that cause mild to
severe hemorrhagic fever in humans. Hantaviruses and arenaviruses are often referred to as Old
or New World viruses due to their geographically distribution. In this paper, we explore the
question as to whether these two viruses shared a common genetic ancestor. The similarities of
disease pathology and reservoir host distributions are reviewed. The genomes of arenaviruses
and hantaviruses were analyzed using Mega 6 software. While the information presented
suggests the idea that a common ancestor may exist, further investigation is needed to confirm
the existence of the common genetic ancestor.
Introduction:
While the invention of antibiotics has changed the way we treat bacterial infection, viral
infections are a different story. Viruses are difficult for healthcare providers to combat, and most
often it falls on the immune system to grapple with the pathogen. Virus genomes can be
incredibly small as compared to bacteria. Further, in contrast to bacteria the rate of genetic
evolution can be magnitudes larger. For example, RNA viruses such as thehantaviruses and
arenaviruses incorporate mutations at a rate of 1 in 10,000 per generation. The International
Committee on Taxonomy of Viruses (ICTV), tasked with categorizing viruses and describing
what defines a viral species, classifies viruses on the basis of “natural and experimental host
range, cell and tissue tropism, pathogenicity, vector specificity, antigenicity, and the degree of
relatedness of their genomes or genes.” In the case of hantaviruses and arenaviruses, the two
virus groups are classified distinctly based on their genome organization.
Hantavirus:
Hantavirus is a negative-sense RNA virus with a tripartite genome comprised of a small
(S), medium (M), and large (L) segment. The L segment encodes for a protein which protein
which functions as a replicase, transcriptase, and endonuclease. The M segment encodes a
glycoprotein precursor that is modified to produce two surface glycoproteins. The S segment
encodes a nucleocapsid protein (Elliot 1991). Hantavirus was first discovered by virologists Karl
M. Johnson and Ho Wang Lee in 1978 when Hantaan virus was successfully isolated from the
rodent Apodemus agrarius. The rodent was captured near the Hantaan River and identified as the
causative agent in Korean Hemorrhagic Fever (Lee 1978). Hantaviruses are grouped within the
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family Bunyaviridae, although the proteins of hantavirus do not have extensive similarity or
antigenic relationships to other genera in the family (Plyusnin 1996). A distinct feature of
hantavirus when compared to other members of the Bunyaviridae family is that hantavirus does
not infect arthropods, but rather rodents, bats and insectivores.
In humans, hantaviral infection causes either hantavirus hemorrhagic fever with renal
syndrome (HFRS), generally caused by Old World viruses, or hantavirus pulmonary syndrome
(HPS) by New World viruses. In both cases, viral infection leads to injury of capillary tissues,
leading to hemorrhages and shock in HRFS, or pulmonary edema and suffocation in HPS
(Plyusnin 1996). HFRS has made an impact on human health globally. For example, over 3000
American and Korean troops contracted Korean Hemorrhagic Fever, caused by the Hantaan
virus species of hantavirus, during the Korean War (Lee 1978). Another species, Puumala virus,
can affect 20-40% of Finland’s population over a lifetime (Bonn 1998). Hantaviruses gained
attention in the United States in 1993, when an outbreak in the Four Corners region of the
southwest marked the first case of a HPS in the United States. Though the Four Corners outbreak
was the first detected case of human infection in the US, European and American strains of
hantavirus are believed to have diverged over 20 million years ago (Bonn 1998).
Arenavirus:
The family of Arenaviridae consists of two genera: Mammarenavirus and Reptarenavirus
(Salvato 2005). Like Bunyaviridae, Arenaviridae is not assigned to any order. The New and Old
World species are distinguished by genetic similarity and serological properties (Charrel 2008).
Arenaviruses are negative-sense RNA viruses, containing a bipartite genome (Charrel 2008). The
L segment encodes a viral RNA-dependent RNA polymerase (L protein) and a zinc-binding
matric protein (Z protein). The S genomic segment encodes a nucleocapsid protein and a
glycoprotein precursor; the latter is cleaved to produce two envelope proteins (Charrel 2008).
Specific rodents are the principal host of arenaviruses, with the exception of Tacaribe virus,
which was isolated from fruit bats of the genus Artibeus (Charrel 2008). Arenavirus exhibits
horizontal and vertical transmission without the need of intermediate hosts, and can
asymptomatically persist in a host population of rodents (Johnson 1975). Arenavirus is extremely
virulent, and high biocontainment is often required for working with the virus. For this reason,
there are very few labs that are capable of working with the disease.Currently, only a few species
of arenavirus are known to infect humans: Lassa, Junin, Machupo, Guanarito, Sabia, Lujo,
Whitewater Arroyo and Lymphocytic choriomeningitis (LCM) viruses. All of these species
cause viral hemorrhagic fever (VHF) in humans with the exception of LCM, whose symptoms
are mild and mortality is low (Charrel 2008, Johnson 1997). Human infection results from
exposure to a host animal or the feces of a host animal (Charrel 2008). 1-2 weeks after infection,
patients experience a wide variety of nonspecific symptoms including: fever, headache,
abdominal and muscle pain, loss of appetite, vomiting, tremors, and diarrhea. 2-4 weeks after
infection, patients enter shock, the central feature of the disease and the primary contributor to
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patient mortality. Hemorrhage can be found in the mucous membranes and the gastrointestinal
tract, with a shock syndrome in terminal stages (Nathanson 1975). Acute LCM infection has
been shown to suppress the immune system, primarily by inhibiting T lymphocyte function (BroJørgesen 1975). It is not understood whether the hemorrhagic phenomena are caused by lytic
effects of the virus or as a result of immunological factors (Nathanson 1975, Bro-Jørgesen 1975,
Charrel 2008). In general, the pathophysiology of arenaviral infection is poorly understood
(Charrel, 2008; Nathanoson, 1975; Moraz 2011).
Arenavirus has been identified as the causative agent in a number of human disease
outbreaks, and it is attributed to regional diseases, especially in Africa, where humans are most
likely to contract the disease (Johnson 1975). Arenavirus has the potential to do a great amount
of harm to humanity. For example, LCMV has the potential for worldwide distribution due to the
introduction of a host species, Mus musculus, to the New World (Charrel 2008).
Arenaviruses and hantaviruses pose a continuing threat to humans. Since their discovery,
proper identification and study have provided insight into the circumstances that promote human
infection and the best methods for prevention and symptom management. If arenavirus and
hantavirus were classified in the same order, management of their similarities could reduce the
risk of human infection by either pathogen. The similarities between the two viruses may include
relatedness of genome structure, vector specificity, host reservoir, and potentially the
mechanisms of hemorrhage in human infections.
Methods:
Genetic sequences of complete L segments (approximately 7,000 bp in length) and S
segment nucleocapsid segments (approximately 1,600 bp in length) of select species of
arenaviruses and hantaviruses were provided by GenBank and phylogenetic and molecular
evolutionary analyses were conducted using MEGA version 6 (Koichiro 2013). Sequences were
aligned with Multiple Sequence Comparison by Log Expectation (MUSCLE) with a gap open
penalty of -400, a gap extend penalty of 0, and UPGMB clustering method for all iterations with
a Min Diag Length (lambda) of 24 (Edgar 2004). Maximum likelihood phylogenetic trees were
constructed with a bootstrap method with 500 replications to improve confidence. Nucleotide
substitutions were made using the Tamura-Nei model, and the ML Heuristic Method for tree
inference was Nearest-Neighbor Interchange (NNI). Phylogenetic trees were generated to
represent nucleotide similarity between species based on complete L segment genomic data
(Figure 1), and S segment nucleocapsid genomic data (Figure 2). Both the S segment and L
segment comparisons were placed in a timetree (Figures 3 and 4) using RelTime method
(Tamura et al. 2012) where time between nodes is represented on a relative scale.
Geographic ranges of select species were provided by the IUCN Red List of Threatened
Species. For hantavirus, the species of host investigated were Abrothrix longipilis, Apodemus
agrarius, Bandicota indica, Bolomys lasiurus, Calomys laucha, Megadontomys thomasi,
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Microtus californicus, Microtus pennsylvanicus, Myodes glareolus, Necromys benefactus,
Oligoryzomys chacoensis, O. flavescens, O. longicaudatus, O. nigripes, Peromyscus baetae, P.
maniculatus, Rattus norvegicus, R. rattus, Reithrodontomys megalotis, Re. mexicanus, Re.
sumichrasti, Sigmodon alstoni, and S. hispidus. For arenavirus, the species of host used were
Akodon azarae, Artibeus jamaicensis, Ar. literatus, Ar. planirostris, C. callosus, C. musculinus,
Deramanura arderseni, Mastomys natalensis, Mus musculus, and Zygodontomys brevicauda.
Background map data was provided by ESRI. Spatial data was manipulated with the program
ArcGIS to produce a map showing overlap of the geographic ranges of the mentioned rodents
(Figure 5).
Results:
The L segments of five species of hantavirus (Hantaan, Seoul, Sin Nombre, Puumala, and
Prospect Hill viruses), and seven species of arenavirus (Machupo, Junin, Latino, Whitewater
Arroyo, LCM, Mopeia, and Mobala viruses) are compared in Figure 1. The S segments of six
species of hantavirus (Hantaan, Seoul, Sin Nombre, Puumala, Prospect Hill, and Thailand) and
seven species of arenaviruses (Machupo, Junin, LCM, Mopeia, Mobala, Lassa, and Tacaribe
viruses) are compared (Figure 2). On the nodes of the tree, numbers represent the degree of
support for the adjacent node; values above 50 are considered to be reliable.

Figure 1. Molecular Phylogenetic analysis of complete L segments by Maximum Likelihood method
The evolutionary history was inferred by using the Maximum Likelihood method based on the General Time
Reversible model (Nei and Kumar 2000). The bootstrap consensus tree inferred from 500 replicates (Felsenstein
1985) is taken to represent the evolutionary history of the taxa analyzed [2]. Branches corresponding to partitions
reproduced in less than 50% bootstrap replicates are collapsed. Initial tree(s) for the heuristic search were obtained
by applying the Neighbor-Joining method to a matrix of pairwise distances estimated using the Maximum
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Composite Likelihood (MCL) approach. A discrete Gamma distribution was used to model evolutionary rate
differences among sites (5 categories (+G, parameter = 1.8712)). The rate variation model allowed for some sites to
be evolutionarily invariable ([+I], 0.0000% sites). The analysis involved 12 nucleotide sequences. All positions
containing gaps and missing data were eliminated. There were a total of 5205 positions in the final dataset.
Evolutionary analyses were conducted in MEGA6 (Tamura 2013).

Figure 2. Molecular Phylogenetic analysis of S segment nucleocapsid proteins by Maximum Likelihood method
The evolutionary history was inferred by using the Maximum Likelihood method based on the General Time
Reversible model (Nei and Kumar, 2000). The bootstrap consensus tree inferred from 500 replicates [2] is taken to
represent the evolutionary history of the taxa analyzed (Felsenstein 1985). Branches corresponding to partitions
reproduced in less than 50% bootstrap replicates are collapsed. Initial tree(s) for the heuristic search were obtained
by applying the Neighbor-Joining method to a matrix of pairwise distances estimated using the Maximum
Composite Likelihood (MCL) approach. A discrete Gamma distribution was used to model evolutionary rate
differences among sites (5 categories (+G, parameter = 1.4088)). The rate variation model allowed for some sites to
be evolutionarily invariable ([+I], 0.0000% sites). The analysis involved 13 nucleotide sequences. All positions
containing gaps and missing data were eliminated. There were a total of 243 positions in the final dataset.
Evolutionary analyses were conducted in MEGA6 (Tamura 2013).

In, figures 3 and 4, branch lengths indicate the amount of time in between nodes in
relative time. The boxes on the nodes represent the range of uncertainty for the position of the
node in time.
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Figure 3. Molecular Phylogenetic analysis by Maximum Likelihood method (timetree)
The timetree shown was generated using the RelTime method (Tamura 2012). Divergence times for all branching
points in the topology were calculated using the Maximum Likelihood method based on the General Time
Reversible model (Nei 2000). The estimated log likelihood value of the topology shown is -61358.4328. A discrete
Gamma distribution was used to model evolutionary rate differences among sites (5 categories (+G, parameter =
1.8712)). The rate variation model allowed for some sites to be evolutionarily invariable ([+I], 0.0000% sites). The
tree is drawn to scale, with branch lengths measured in the relative number of substitutions per site. The analysis
involved 12 nucleotide sequences. All positions containing gaps and missing data were eliminated. There were a
total of 5205 positions in the final dataset. Evolutionary analyses were conducted in MEGA6 (Tamura 2013).

Figure 4. Molecular Phylogenetic analysis by Maximum Likelihood method (timetree)
The timetree shown was generated using the RelTime method (Tamura 2012). Divergence times for all branching
points in the topology were calculated using the Maximum Likelihood method based on the General Time
Reversible model (Nei 2000). The estimated log likelihood value of the topology shown is -2972.4740. A discrete
Gamma distribution was used to model evolutionary rate differences among sites (5 categories (+G, parameter =
1.4088)). The rate variation model allowed for some sites to be evolutionarily invariable ([+I], 0.0000% sites). The
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tree is drawn to scale, with branch lengths measured in the relative number of substitutions per site. The analysis
involved 13 nucleotide sequences. All positions containing gaps and missing data were eliminated. There were a
total of 243 positions in the final dataset. Evolutionary analyses were conducted in MEGA6 (Tamura 2013).

In figure 5, the geographic ranges of ten known arenavirus hosts (Akodon azarae,
Artibeus jamaicensis, Ar. literatus, Ar. planirostris, Calomys callosus, C. musculinus,
Deramanura arderseni, Mastomys natalensis, Mus musculus, and Zygodontomys brevicauda) are
combined to produce the region colored blue. Twenty three hosts of hantavirus (Abrothrix
longipilis, Apodemus agrarius, Bandicota indica, Bolomys lasiurus, C. laucha, Megadontomys
thomasi, Microtus californicus, Microtus pennsylvanicus, Myodes glareolus, Necromys
benefactus, Oligoryzomys chacoensis, O. flavescens, O. longicaudatus, O. nigripes, Peromyscus
baetae, Peromyscus maniculatus, Rattus norvegicus, R. rattus, Reithrodontomys megalotis, Re.
mexicanus, Re. sumichrasti, Sigmodon alstoni, and S. hispidus) are combined in the region
colored red. Regions where host species ranges overlap are colored green.

Hantavirus Vector Range
Arenavirus Vector Range
Overlapping Area

Figure 5. World map aiming depict the global overlap of key arenavirus and hantavirus host reservoir species. It is
important to remember that the green area is an area of overlap were both arenavirus and hantavirus vectors are
present.

Discussion:
Initially, the above data do not provide evidence to suggest that arenaviruses and
hantaviruses shared a common ancestor. The reference sequences showed two major clades. The
time trees show that theoretically with enough time the random mutations in the genome could
have driven enough divergence between the arenaviruses and hantaviruses in their reservoir hosts
from a shared ancestor. However, the long and poorly understood evolution of viruses provides
obstacles in understanding the origin of these two virus groups.
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Within the spectrum of characteristics used for ICTV classification, there were some
findings that could justify further exploration of whether arenaviruses and hantaviruses share a
common ancestor. While the sequences of the viral genomes differ greatly, the organization of L
segment genes on the genome are similar. The L segment of both arenavirus and hantavirus
encodes a protein responsible for genome replication, and both S segments encode nucleocapsid
proteins. The argument against this is that hantaviruses contain an M segment for encoding its
glycoproteins, while arenaviral genomes do not contain an M segment. If the S and M segments
of hantavirus are postulated to be originally from a single segment, they encompass proteins
encoded by the S segment of arenaviruses. A major setback with this comparison is the size of
the segments. The M segment size of hantaviruses is around 3,600 bp in length, which is longer
than the complete S segment size for arenaviruses. With the additional ~1,600 bp added from the
S segment of a hantavirus S segment, the size difference between the two is around 1,800 bp.
In regards to pathogenicity, both viruses cause damage to host tissue leading to a
characteristic hemorrhagic phenomenon. The mechanism of hemorrhage arenaviral hemorrhagic
fever is not fully understood and therefore cannot be readily compared to hantaviral infections,
where degradation of capillary tissue and exertion in the early stages of infection lead to HFRS.
The reservoirs of both types of viruses are mainly rodents, many of which have similar
diet and geographic range. If all the hosts of the viruses were included, the map generated would
provide a more complete picture of distribution. Hosts with a tremendous amount of range
extent, such as Mus musculus and species of the Rattus genus, comprise the majority of the area
shown on the map in Figure 5. In North America, Asia, the Oceana and Europe, a considerable
amount of land is overlapped by reservoir hosts species of both viruses. In at least one instance
the viruses share rodent carriers from the same family (e.g. Calomys). Many of these rodents
utilize human structures for shelter (especially Mus and Rattus, the common household rodent
genera), and therefore can easily come into contact with each other. These and other
characteristics of rodent community structures would benefit from a fuller statistical assessment,
however it is not within the capabilities of this paper to provide deeper inquiry into their
pertinence. However, these qualities form an argument to the similarity of the two viruses.
Conclusion:
This paper does not find substantial evidence to suggest that arenavirus and hantavirus
have a common ancestor. Some of the evidence presented suggests the two viruses could be
classified within the same clade, but the evidence could encompass a wide range of viruses. This
is not necessarily a shortcoming, as the distinct rank of order is meant to encompass multiple
families, thus covering a wide variety of species. A more thorough investigation, including a
comparison of structure of major proteins, analysis of their function, and a detailed comparison
of the lifecycle of the viruses would provide a more encompassing argument on the relatedness
of arenaviruses and hantaviruses.
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